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Abstract 

In this paper we discuss some aspects of inclusive decays of charmed mesons and also decays of 
the r lepton into v T + 7ir. We find that phase space effects are likely to explain the observed lifetime 
ratio T(Df)/r(D ) = 1.17. In particular one need not appeal to a large annihilation contribution 
in the inclusive D° decay which, being absent in decays could also contribute to the enhanced 
D° decay rate relative to that of the Df . Examining a separate problem, we find that the rate for 
t — > v T + 7tt is almost completely dominated by the tiny phase space for the final eight particle 
state. Using an effective chiral Lagrangian to estimate the matrix element yields a branching ratio 
into the channel of interest far smaller than the present upper bound. 

PACS numbers: 13.20.Fc, 13.25.Ft, 13.35.Dx, 14.40.Lb 
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I. INTRODUCTION 



Both the (spin avaraged) square of the invariant amplitude, X |^i/| 2 and the Lorentz 
invariant phase space (LIPS) enter into the calculation of any decay or scattering process. 
In attempting to calculate decays of charmed particles we often find that (at least!) one of 
these factors is not well known. Thus for a specific decay say D° — > Kiin, or — > KKn 
the observed masses of the final and initial particles entering the LIPS are precisely known. 
On the other hand the relatively low energies of the final hadrons 0(M/3 = 0.6 GeV), 
precludes any perturbative approach to the calculation of the decay matrix ellement. 

For inclusive (semi- or non-leptonic) decays a perturbative approach is used. In the 
Aqqtj/Mq — > and / or Fg g/Mp g — > limits we neglect the spectator quark and view 
the process as the decay of a "free" heavy quark: Q — > qlv or Q — > qud, with Q = c and q = s 
for the CKM favored decays. One uses here the "Hadron Quark Duality" assumption that 
for the inclusive decay of interest, hadronization generates just a "Final State Interaction 
Phase" . This "Phase" is a unitary matrix which shuffles decay probabilities between different 
channels without modifying inclusive rates. 

The four-quark "Effective Lagrangian" describing the Q decay includes QCD normaliza- 
tion effects due to integration over momenta between the high W mass and the intermediate 
Mq scale. Unlike the ultimate "Renormalization" yielding a "Chiral Effective Lagrangian" 
appropriate for scales of Aqqd ~ 300 MeV (and which would then directly yield the am- 
plitudes for specific hadronic decays), the effective 4-quark Lagrangian can be estimated via 
perturbative QCD. The resultant enhancement of the ordinary csdu term and the negative 
interference (for the D decays) with the new cusd term helps explain the reduction of the 
semileptonic branchings and the T(D°)/T(D + ) ps 2 width ratio. 

The latter could in part be due to annihilation with the spectator u quark which is present 
in the D° but not in the D + . While such annihilation transcends the spectator model it is 
suppressed by a F q /M q factor. 

However the inclusive calculation of actual rates (rather than ratios thereof) includes also 

as essentially a phase space factor: the Mgf(r) factor with r = m/M = 0.1 0.07. Neither 

the charm nor the strange quark masses relevant for this decay are independently measured 
and even a 2-3% variation of M can cause a 10-15% change in the actual decay rate. 

Recent experiments which measure the lifetime with 3% precision suggest that it is 
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longer than the D° lifetime by ~17%. This modest difference can be due, in particular, to 
the following two distinct effects: 

f . The above mentioned annihilation amplitude contributing to the D° width which is 
practically absent in D s decays due to a large helicity {m u /m c ) 2 suppression of the 
final multipion states. [1] 

2. Due to the helicity suppression of decays into multipions, the final states in decays 
contain a K and a K rather than a K and a n as in the "corresponding" D decay, e.g., 
Df — > K + K~7r + versus D° — > K^7r + 7r~. This, in turn, may reduce the corresponding 
phase space. 

Elaborating on point 2 we note that the D^-D° mass difference (= 104 MeV), is the 
smallest of the mass differences between strange and corresponding non-strange mesons and 
baryons: 



Hence phase space effects in the actual physical final multiparticle states, for intermediate 
resonances, and even within the spectator model, reduce T(Df)/T(D°). Conceivably this 
could account for the deviation of this ratio from unity. 

In the second half of the paper we consider the decay of the tau lepton into final states 
with many pions. This is motivated by the fact that strong upper bounds of 1.8 x 1CT 5 
and 3 x 10~ 6 have been obtained for the branching ratio into the state with seven charged 
pions. We find that this decay rate is almost completely dominated by the decrease in phase 
space as the energy per final state pion is reduced. We use the simplest chiral Lagrangian to 
estimate the relevant matrix elements and decay rate. The estimated branching ratios are 
far smaller than the above upper bounds - making the observation of these decays extremely 
unlikely. We argue that despite the existence of many resonances in the 3 and 4 pion 
channels the utilization of an effective local Lagrangian approach is indeed justified. The 
condition for this is that the resonances are broad as they are in the case of interest. We 



m+ - m + = 354.I MeV 
m K *+ - m+ = 122.4 MeV 



m A - m n = 176.1 MeV 



(1) 
(2) 
(3) 
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also address possible unusual "collective" enhancements which could occur for a sufficiently 
large number of pions. We find however that for the case at hand with only seven pions no 
such enhancement is likely to occur. 

II. LIPS FOR SPECIFIC HADRONIC DECAYS 

We have examined in detail the difference in decay rates of the D° and the Df due to 
phase space. We began by taking the entire list of D° decay modes from the Particle Data 
Group (PDG)[2]. The sum of the D° branching ratios listed there is approximately 122% 
where the excess is due to quantum interference. This indicates that measurements of the 
D° decay modes are substantially complete and can be used to estimate the total Df rate 
if we assume that for each D° decay mode there is a corresponding decay mode (see 
table I below) and that the corresponding partial widths are simply the square of a common 
matrix element times the phase space of each decay. We thus compute the expected partial 
widths for the Df decay modes corresponding to each D° decay mode and sum to obtain 
the total decay rate. 

While this procedure may not be precise for individual decay modes due to final state 
interactions, it should correctly approximate the phase space effect when we sum over all 
the decay modes. In implementing the procedure we took into account the variation of 
phase space due to width of resonances. When converting ss final states to rj and 77' we used 
the simplest mixing described in the PDG.[2] Similarly, we followed the PDG in assuming 
that the K 1A is an equal mixture of .K 1 (1270) and i^i(1400). For two-body decays only, we 
applied an extra factor of p* 2 if the decay products were a vector and a pseudoscalar. (Since 
this tends to reduce the phase space effect it is clearly conservative). The widths of the two 
purely leptonic decay modes of the Df were added to the sum (a 1.2% correction). Finally, 
we ignored the K°TC° and the KgKgKgKg decay modes of the D° since the analogues in 
Df decay are hard to identify. Again, these decay modes contribute well under 1% of the 
total D° width. 

The result of this exercise is shown at the bottom of table I. The D° width is larger than 
the estimated Df width, predicting that the Df lifetime will be longer than the D° lifetime 
by about 25%. This is to be compared to the measured difference which is about 17%. Thus 
it may well be that the complete Df — D° lifetime difference is due merely to phase space 
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effects and there is no need to invoke any appreciable additional annihilation contribution 
to the D° inclusive decay rate. 
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TABLE I: In this table we list the phase space for D° and corresponding D + decays, the D° width 
from the particle tables and finally, the estimated Df width. 

D° Decay D+ Decay D° Phase D+ Phase D° D + Estimated 

Mode Mode Space Space Partial Width Partial Width 
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III. REDUCED D+ INCLUSIVE DECAY RATE VIA A REDUCED EFFECTIVE 
CHARM QUARK MASS 



Phase space effects manifest also via the effective mass of the decaying c quark. The 
binding of the c quark is stronger in the cs system then in the cu system. Since the fifth 
power of this mass enters in T(Q — ► qlv) small shifts of m(Q) may have enhanced, perceptible 
effects in the spectator model. This is analogous [3] to the reduction due to the Coulombic 
binding (Za 2 /2)m fJi of the fx~ — > e~u^V e decay rate in muonic atoms. The asymptotic 
physical state after the fi~ decay no longer has Coulomb binding. Consequently the effective 
mass of the decaying muon and the corresponding phase space and decay rate will be reduced 
by 1 — r = (1 — BE/m M ) and by (1 — r) 5 respectively, where BE is the binding energy of the 
muon. 

The present case is not as clear cut. Due to confinement the spectator quark of the initial 
D "bound state" and the three quarks from the decay of the c quark appear (albeit in new 
rearranged forms) as constituents of the final hadrons. 

Thus color binding is not completely lost here. This is in contradistinction with the loss 
of Coulombic binding in the above ji~ decay. Rather we have here only an enhanced binding 
of the cs (or Z?+) system as compared with the cu or D° system. This "relatively" low m D + 
mass is indeed the source of the phase space reduction in the actual physical decay channels 
of the .D+ relative to that of the D° which is precisely what has been discussed in section 
II. Hence, whatever "effect" is eventually found in the present section, does not add up to 
the above suppression. Rather, it is just another way, utilizing quark hadron duality, of 
restating the same effect or part thereof. In the spirit of the spectator model of the decay 
we consider only the reduction due to tighter binding of the c quark mass in = cs as 
compared with that of the c quark inside D° = cu. Since binding effects are often deemed 
to be pertinent only to the interacting two body system as a whole i.e., to the c and q = s 
(or u) the separation of the "charm quark associated part" is, at best, ambiguous. 

If the Qq system was naively treated as a non-relativistic Coulomb two-body system then 

2 

the binding energy BE = -frnQ^ where the reduced mass toq^ is given by 

m q m(Q) 

m Q, q = , 4 
m Q + m q 

Using m c = 1.5 GeV, m u = 0.3 GeV and m s = 0.45 GeV, we find that the ratio of reduced 
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masses in the Df and D° system is about 0.8 and their difference is of order 100 MeV. The 
Coulombic binding difference between D+ and D° is then BE = (a|/2)100 MeV = 50 MeV, 
where we arbitrarily used as = 1. If half of this is assigned to the charmed quark then its 
effective mass in the decay will be 25/1500 = 1.6% lower than that in D° decays. The 
resulting phase space reduction due to m\ is then 8%. The Coulombic interaction maximizes 
the effect of quark (reduced) mass changes, as in this case the reduced quark mass mg i? is the 
only relevant parameter of mass dimension entering the problem. Once other-dimensional 
parameters are introduced this dependence on mg i9 gets diluted and weakened. In particular 
this is the case for any effective interaction 

V(r) = with 1 > (3 > -1 (5) 

Such potentials may indeed be more appropriate to describe the Qq interaction at the 
~ 0.5 fm scale of the physical bound state. Thus the spectator model phase space effect is 
smaller than 8%. It is therefore unlikely to account, by itself, for the observed 17% reduction 
in T(D^) when compared to T(D°). 

IV. MULTIPLE PION STATES IN THE DECAY OF THE TAU LEPTON 

Upper bounds on the mass of the tau neutrino were deduced from analysis of the decay 
t~ — > 7r + 7r + 7r~7r~7r~z/ T . The seven pion mode, r~ — > 7r + 7r + 7r + 7r~7r~7r~7r~z/ r if appreciable, 
could lead to a more stringent bound. The OPAL and CLEO collaborations searched for 
these decays. Finding none they deduced the following upper bounds 

BR(t~ -> n + n + n + n-n-n-n-u T ) < 1.8 x 10~ 5 (OPAL) (6) 

and 

BR(t- -> n + n + n + n-n-n-n-u T ) < 2.6 x 10~ 6 (CLEO) (7) 
at the 95% CL. 

These rare tau decays are intersting in a purely hadronic context as well. Many "soft" 
pions are produced with small (L=0 or L=l) overall angular momenta. These decays may 
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provide a simpler setting than pp annihilations at rest for studying such systems. Here, but 
not in the annihilation, the pions are produced via the local vector/axial currents. This in 
particular allows us to estimate the expected rates via chiral Lagrangians [4]. We find, mainly 
due to phase space limitations, that the expected rate is much smaller than the existing 
bounds. Thus finding even ONE unambiguous such decay would indicate strong "Dynam- 
ical" enhancements. The latter could in particular indicate the onset of non-perturbative 
"Condensate" effects operative only for a sufficiently large number of pions. 

In order to estimate the decay rate r(r~ — > 7r + 7r + 7r + 7r~7r~7r~7r~z/ T ) we utilize the simplest 
chiral Lagrangian 

C = 2/. 2 (exp A d, exp(^)) 2 (8) 

with 



4> = fan (9) 

and U ~ 90 MeV. 

The corresponding Noether current: 

J "^^ 2/ - (exp( t )S '- exp( ir )) (10) 

yields the vector / axial currents as its even / odd parts. We can, as indicated in 
Appendix I, extract the seventh order term 

relevant to the (0| (x)|7Ti7T2 . . . n-j) amplitude of interest. 

Had we started from a more elaborate Lagrangian we might have generated Ja( x ) with 
extra derivatives. However in the "Soft pion" limit - which is almost achieved here - the 
minimal form of equation [11] with just one derivative may dominate. 

The complete effective Lagrangian for the tau decay also contains the lepton current: 



c = ^ j d^^^^xy^d^ (12) 
n 



using d^4> 7 m 7(<9 M 0)0 6 , p^} T {x) = m T ^ T (x), fity u (x) = 0, = ^ u and intergrating by 
parts we can rewrite the decay Lagrangian as: 



£ 6tt = jj^rn T ^ T {x)^M4> 7 {x) (13) 

In momentum space ^/ T r y 5 ^/ U becomes u T (p)u u (q) with p, q the four momenta of the tau 
and tau neutrino. Upon squaring and spin summation this yields an extra m(r) factor (the 
massless tau neutrino is conventionally normalized to uu — 1). Thus the Lagrangian (13) 
yields: 

+ + + ____ x / c 7 \ 2 GFml$(m T ,m n ,m n ,m n ,m n ,m n ,m n ,m n ,0) 

r(T - TT+TT+TT+TT 7T 7T 7T „ T ) = j (^i ^) 

with $ being the eight body phase space for the r~ — > 7r + 7r + 7r + 7r _ 7r~7r _ 7r _ i' r decay. 
The above phase space and for the other tau decays into states with n final pions are 
evaluated via the composition formula 

*<»!+»,) w = n r « ^ 2 r « ^2 Ai/2( ^ i, ^ 2) ^ 1 (^i)^ 2 (^ 2 )e(A()i5) 

where 



A(W,Wi,W 2 ) = [W^ 2 -(1Ui + 1U 2 ) 2 ][^ 2 -(1Ui-W / " 2 ) 2 ] (16) 

is the "Triangle Function" (Heron's expression for the square of the area of the triangle 
in terms of the lengths of its sides) of W, the invariant mass of the complete n particle 
system and W\, W 2 are the masses of the subsystems with n\ , n 2 particles. 6(x) is the 
unit step function. The resulting phase space values for n = 1, 2, ... 8 are presented in table 
II below. For masses, energies and momenta we use the GeV unit throughout this paper. 
In particular, the dimensions of the LIPS for n + 1 particles is GeV ( - 2n ~ 2 - ) . Following the 
convention of Perl [5] we do not include the (2-7r)~ 3 normalization factors for each final state 
particle in the phase space. 

To estimate r(r~ — > 7r + 7r + 7r + 7r~7r~7r~7r~z/ r ) we compare it with the decay into v T and five 
charged pions with a measured BR ~ 1% and a theoretical estimate analogous to equation 
14: 
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TABLE II: In this table we list the phase space for r decays to a neutrino and n charged pions. 



T — ► TITT 


Phase Space 


1 


1.56111 


2 


3.10573 


3 


1.75786 


4 


0.383552 


5 


0.0354896 


6 


0.00139612 


7 


2.17774xl0~ 5 


8 


1.15161xl0- 7 



+ + _ _ _ / c 5 \ 2 Glml$(m T ,m 7T ,m n ,m n ,m n ,m n ,0) 
r(T " - »r) = [j) (2/,)W 8 ( ?) 

using equations 14 and 17: 



BR(t — > 7r + 7r + 7r + 7r 7r 7r 7r z/ t ) $(m T! m^, m^, m„-, m„-, m„-, m„., m^, 0) /5c7 
BR(t~ — > 7r+7r + 7r _ 7r~7r _ kv) (2%) 6 (2f w ) 4 ^(m T ,mT T ,mT T ,m 7T ,m n ,m n ,0) \7c 5 



2 

18) 



Using the 1% branching ratio into 5 charged pions we then have 



6 x !0- ^/ (19, 



BR(t~ -> 7r + 7r + 7r + 7r-7r-7r-7r-z/ T ) = 6 x 10~ 8 (^J (20) 

In Appendix I we find that (5c 7 /7c 5 ) = 1/30 and thus equation 20 leads to a hopelessly- 
small branching ratio BR(t~ — > 7r + 7r + 7r + 7r~7r~7r~7r~z/ r ) = 6 x 10~ n .[6] 

The chiral Lagrangian approach used here is justified all momenta in the problem are 
small. For the case at hand the total invariant mass of the seven pion hadronic system and 
masses of 3, 4, and 5 pion subsystems are typically high (W ~ 1 GeV). Various resonances 
ai(1240) a 2 (1320), 7r(1300) etc. can then appear in these subchannels. These resonances 
could significantly enhance certain rates and invalidate the local effective Lagrangian ap- 
proach. 
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We would like however to argue that while resonances typically dominate decays of the 
tau lepton (and also of charmed hadrons) into 2-4 particles, their effect on the multi-particle 
decays of interest with many soft slow pions may be minimal. The point is that these heavy 
resonances with prominent multiparticle decays are very broad, T = 300 — 400 MeV. These 
resonances also move rather slowly {(3 < 1/2) and the decay products of different resonances 
emerge within a common interaction range. Hence resonance (re-) formations and decays 
can, in the context of the present final state of many, highly overlapping, soft pions be 
subsumed into the local effective Lagrangian. 

In the momentum space description the n-particle vertex is effectively local so long as 
the real off-shellness of the internal particles exchanged OR the imaginary part therof (viz. 
widths) are large in comparison with the final physical particle momenta. 

The effect of resonances is likely to be stronger when fewer particles occur in the final 
state. Hence our value for the 7n branching ratio obtained by treating both this and the 5ir 
decay by the same chiral Lagrangian and not accounting for possible resonance enhancement 
of the latter may well yield an overestimate of BR(r — > 7ttu t ). 

The situation is drastically different when the multipion final state is dominated by narrow 
resonances. This, in particular, is the case for the r — > Q-kv t recently observed by CLEO.[7] 
These observations are consistent with being of the form r — > r]iT\v t au and r — > u3piv t au 
with subsequent decays of the i] and uj to 3n. 

Low energy 7in scattering in general and scattering lengths in particular are studied in 
simpler settings such as Kn decays or the nN — > nnN reaction in a region dominated by an 
almost real pion exchange. The resulting S-wave scattering lengths 

a(I = 0) « 0.22/ttv and a(I = 2) « -(0.02 - 0.08) /m* (21) 

are relatively small in agreement with various theoretical considerations [8], [9]. 

The many-pion final states of interest could be particularly sensitive to the threshold 
7T7T interaction. To analyze this we use a non-relativistic description. The total interaction 
energy in the n pion state, when all pions are within interaction range, increases quadratically 
with n: 

U = E V iM - rj) ~ n(n - l)/2 < V > (22) 
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where < V > indicates the expectation value of an attractive interaction. 

As we shortly indicate, this interaction is attractive. If the pions can be treated as 
pointlike elementary bosons this will always lead eventually to condensation. All pions can 
then be put into a common state - the (S-wave) ground state inside a spherical cavity of 
radius r smaller than the n-ir interaction range which is denoted by r. The kinetic energy 
T = nh 2 /2mr 2 (or rih/r) which is linear in n is less than the attractive potential energy of 
equation 22. 



" >1+ R^n (23) 



For n larger than n c defined by 



2m n ,„,, 
n. = 1 + — (24) 

the interaction energy exceeds even the rest mass of the pions. The description in terms 
of pions ceases then to be useful and the system is better described by the (or 2 ) field. In 
particular the rate for producing more than n c pions in r — > nn + v T could be dramatically 
enhanced. 

As we will argue next, the requisite n c is far higher than the number of pions in a single 
cluster produced in tau decays or pp annihilations at rest. 

Let n = 2k + 1 so that the r + decays into k + 1 positive and k negative pions. We have 

k(k + l)/2 ++ pairs and k(k-l)/2 pairs, a total of k 2 pairs which are in a pure 1=2 state, 

and k(k + 1) H — pairs which constitute 1=0 and 1=2 states in a 2:1 ratio. (Since all pairs 
are in relative S-wave states, Bose statistics forbids any 1=1 states). The effective S-wave 
scattering length averaged over all (2k + l)k possible pairs is therefore: 



[k 2 + k(k + l)/3]a(7 = 2) + (2/3)k(k + l)a(I = 0) 
a eff = (2kTTjk (25) 



(4fc + l)a(I = 2) + (2k + 2)a(I = 0) 



3(2k + l) 

For large k we simply have 



(26) 



«eff = + ^ « (°.06 - 0.02 )m ;' (27) 



3 
15 



and in particular, as stated above, is attractive. 

Let us next proceed to a rough estimate of the critical number of particles which is the 
threshold for the onset of condensation from either equation 23 or equation 24 above. For 
simplicity the n - n interaction is approximated by a square well of depth —Vq an d radius 
r . Elementary considerations then yield a = tan(gr )/g — r , where q = y/m^Vo. 

Since there is no near threshold n — n bound state and qr < 1 we expand tan(gro), 
finding 



a « ^ = \m^rl (28) 

We next used equation 28 and estimates of the expectation values < T > and < V > 
pertinent to this specific square well model to obtain from equation 23: 



n-l>^ = 16 -48 (29) 
3a v ; 

The actual numbers on the right hand side of equation 29 were obtained for r = l/(3m n ) 
and the range of a e // in equation 27. (We note that since for this r value <T>^l/r > m n 
equation 23 implies equation 24). 

Even if we use r = l/(5m w ) corresponding to an exchange of a "<r" particle of mass 700 
MeV, n is still in the range 10 - 30. 

The above considerations strongly suggest that for the 7-pion final state of interest any 
condensate enhancements are most unlikely and our above estimates of rates should stand. 
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VI. APPENDIX I 



We will estimate the decay rate r(r~ — > 7r + 7r + 7r + 7r~7r~7r~7r~z/ T ) using the leading order 
axial vector contribution in chiral perturbation theory. The leading order chiral Lagrangian 
is given by 

C = \flTrid^d^). (30) 

The field E transforms linearly with respect to SU (2) L x SU (2) R : E — > LEi? t where L, R 
is an element of SU(2)l,r. A convenient parameterization of E is 

E = exp(^p) (31) 

where f n = 93 MeV and the r a are the Pauli matrices. The Noether current associated with 
SU(2) L is 

JL = *\flTr(pr a d^). (32) 
With the help of a useful mathematical formula [10] one finds 







/ ds Tr 


H 


h 





IS . 

V 



2! U, 



(33) 



where = a T a - The S'C/ {2)r current can then be obtained by switching the signs of all the 
odd terms in the pion field. The axial vector current is 



A °=-2 f -L dsTr 

It is then straightforward to find 



n-1 



Tr (r a [0,...,[0, [0, [0,^0] ,...,]]]) 
where n is the number (odd) of pions. For instance, 



(34) 



(35) 



KiX) = ~\uTr (r a d^) = -Ud^ a ; 



(36) 
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^(3) = I ^Tr(r a ftft^]]); (37) 

K{h) = ~Wp Tr ( Ta & * * [ *> d ^ ]]]] ) ; (38) 

K{7) = Tookf Tr ^ [ ^ [ ^ [ ^ [ ^ [ ^ d ^ ]]]]]])> ■ (39) 

Using [Tj, Tj] = tijkTk we can write 

A%(7) = 1 Q^Qj. 5 e abc e edc efg e e i hfe kj ie Tr dk<Pi<l>j<Ph<PgM ( 40 ) 

By pairwise contraction of e symbols we can reduce the expression into the desired c(7)(<f>- 
0) 3 9 M (/) form. Likewise we generate from A M (5) of Eq. (38) above an analogous c 5 (0 • 0) 2 <9 /1 
term. We find that c(7) = 2 3 /10080 and c(5) = 2 2 /240. Hence, in particular, 5c(7)/7c(5) = 
10/294 ss 1/30. 

Actually all currents A(l) - A(7) contribute to the decay t~ — > 7r + 7r + 7r + 7r~7r~7r~7r~z/ T at 
leading order in chiral perturbation theory. For instance, A%(5) contributes with one of the 
pions going to three pions through the 4-point interaction contained in Eq. (30). In order to 
evaluate these we need more involved calculations. Thus the last contribution is the integral 
over a = ^5(678) of the product of the A(5) amplitude with one pion off-shell at a and 
the TT-K scattering with one pion off-shell at the same a. All these contributions should be 
comparable and we do not expect these to drastically change our estimate of the c(7)/c(5) 
ratio. 
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